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1.0 INTRODUCTION 
During the  current  r epor t ing  period t e n  r o l l s  of t he  * 
higher  dens i ty  1 - m i l  polyethylene f i l m  was received from 
Sea Space Systems Incorporated. I n i t i a l  t es t s  have been 
performed on the f i l m  and i t  appears t o  be s a t i s f a c t o r y .  
The t e s t i n g  program was s t a r t e d  upon r e c e i p t  of  the f i l m .  
/ To achieve a lower th ickness  ma te r i a l  f o r  the s a t e l l i t e  
design, samples of  polyethylene f i l m  of varying thickness  were 
e l e c t r o l e s s l y  p la ted  w i t h  copper to 5 x lom6 inch and 10 x loo6 i nch  
on both sides. Flexural  r i g i d i t i e s  of the  p la ted  f i l m s  were then 
\ 
.-w 
determined. The experimental f l e x u r a l  r i g i d i t i e s  were then used 
i n  revised buckling pressure ca l cu la t ions  t o  f i n d  t h e  minimum 
, c, 
f i l m  th ickness  which w i l l  withstand an i n i t i a l  buckling pressure 
of f i v e  times s o l a r  pressure.  The minimum thickness  found from 
the buckling pressure equations and f l e x u r a l  r i g i d i t y  da t a  i s  
1.50 m i l  w i t h  10 x loo6 inch of copper plated on both s ides .  
T h i s  thickness  of 1-50 m i l  wi th  copper g ives  a nonperforated 
sphere weight of 4295 l b s .  
To achieve a lower s a t e l l i t e  weight a f l e x u r a l  r i g i d i t y -  
th ickness  curve f o r  PE12 plated on both sides t o  15 x low6 inch  
was determined. The new f l e x u r a l  r i g i d i t y  curve was then used 
i n  a ca l cu la t ion  t o  determine the f i l m  th ickness  required t o  
withstand the  c r i t i c a l  buckling pressure.  The minimum thickness  
found was 0.27 m i l .  T h i s  thickness of  0.27 m i l  w i th  15 x i n .  
of copper p l a t ed  on both s ides  r e s u l t s  i n  a nonperforated sphere 
weight of 1413 lbs .  
- * To 3e r e fe r r ed  t o  2s ?E12 from here 3n 
I n  conjunction with the de l ive rab le  items, an 
u l t r a son ic  bonder has been rented from Ul t ra  Sonic Seal ,  Inc., 
Ardmore, Pa., t o  be received September 15. Samples of  standard 
dens i ty  polyethylene f i l m * *  ( i r radiated and un i r r ad ia t ed )  and 
PE12 were sen t  t o  Standard Packaging Company f o r  vacuum 
depos i t ion  t o  determine i f  our  f i l m  can be s a t i s f a c t o r i l y  
plated by their  process. To da t e ,  t he  f i l m  has been i r r a d i a t e d  
by Electronized Chemical 
a t  Sea Space Systems, Inc.  Upon completion of t he  heat t reatment ,  
the  f i l m  w i l l  be sen t  t o  Standard Packaging Co. t o  be metal l ized.  
and i s  cu r ren t ly  being heat t r ea t ed  
I n  an t i c ipa t ion  of the pe r fo ra t ion  study, pe r fo ra t ion  
dies have been designed and a r e  being constructed a t  GSFC. 
I n i t i a l  pe r fo ra t ion  tes t s  have been conducted using hand punched, 
meta l l ized  samples. The tes ts  performed were t o  determine the  
effect  of open area  (Fv) on e l e c t r i c a l  r e s i s t ance  and f l e x u r a l  
r i g i d i t y .  I n i t i a l  r e s u l t s  i nd ica t e  t h a t  the r e s i s t ance  inc reases  
sharp ly  and f l e x u r a l  r i g i d i t y  decreases  sharply a t  an Fv of 30%. 
Density grad ien t  columns were completed and dens i ty  measurements 
were made on the ex t rac ted  PE12 f i l m .  The change i n  dens i ty  
f o r  the ex t rac ted  ma te r i a l  was found t o  be g r e a t e r  than f o r  
the unextracted,crossl inked f i l m .  The adverse r e s u l t s  of the 
ex t r ac t ion  tes t s  a r e  a t  present  unimportant, s ince  the weight 
spec i f i ca t ions  have a l ready  been met without ex t r ac t ion .  
F ina l ly ,  ca l cu la t ions  have been ca r r i ed  ou t  t o  
determine the amount of f i l m  necessary t o  bu i ld  t h e  de l ive rab le  
items. It was found t h a t  2 m l l s  of f i l m  (2400 f t , )  a r e  not 
q u i t e  enough t o  complete the de l ive rab le  i tems. It is ,  the re fo re ,  
recommended t h a t  the  s i z e  of a number o f  the cap sec t ions  be 
reduced t o  24 f t .  
To be referred t o  a s  P E l l  ffrom here on ** 
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2.0 SEA SPACE INTERMEDIATE DENSITY, 1 MIL, BIAXIALLY 
ORIENTED POLYETHYLENE F I U  (PE12) 
2.1 I n i t i a l  Propert ies  - Summary 
Ten (10) r o l l s  of PE 12 have been received from 
Sea Space Systems, Inc ,  The i n i t i a l  p rope r t i e s  of the f i l m ,  
l i s t e d  i n  Table 1, have been examined and they have been found 
t o  be acceptable ,  
Table 1 
1 M i l ,  B iax ia l ly  Oriented Polyethylene Film (PE12) 
Physical  Propert ies  of Sea Space Intermediate Density, 
T Y  E Tm .P 
D i -  
r ec t ion  (p  si 103) ( p s i  103) lPs i  103) ( O C , )  ( m s  ./cc . ) 
0' 0.&0 . 03* 2 . 35tO. 13 29.222.2 
** 
45' 0.87+0.04 2 OOiO . 11 26 2+1 5 116.5 0.931 
90' 0.94-0.04 1.65i0.07 33.2:s . 2 + 
q= 
o-; = 
P =  
E =  
Tm = 
Yield S t r e s s  
Ultimate S t r e s s  
Modulus of E l a s t i c i t y  
Crys ta l l ine  Melting Point 
dens i ty  
A l l  t e n s i l e  t e s t s  performed on a Table Model Ins t ron  
w i t h  a s t r a i n  r a t e  of 2 in./min.,5 l b s .  f u l l  s ca l e  load. 
3c 
** 
The average r e s u l t  of f o u r  c r y s t a l l i n e  melt ing tests 
presented i n  Sect ion 2.2 t o  follow. 
~~ 
2.2 Crys ta l l ine  Melting Point (T,) of  PE12 
The c r y s t a l l i n e  melting po in t  (Tm) of t h e  Sea Space 
f i l m  was determined i n  the  following four  ways: I 
-3- 
1. 
2. 
3. 
4. 
Immersion hea t i n g  
Heating while r e s t r a ined  
Stress re laxa t ion  upon increased temperature 
Modulus o f  e l a s t i c i t y  changes w i t h  temperatures. 
2.2.1 Immersion Heat i n q  
A small sample o f  f i l m  was immersed i n  s i l i c o n e  o i l  
a t  room temperature and heated slowly. 
lost some opaci ty  and a t  10g°C. became completely t ransparent .  
I n  addi t ion,  a t  10g°C. the sample exhibi ted some f l u i d  
p rope r t i e s ,  i .e., flowing and fusion.  T h i s  property change 
w i t h  temperature indicated t h a t  l0goC . was the c r y s t a l l i n e  
melting point  of the polyethylene f i l m  a s  determined by t h i s  
method. 
2.2.2 Heating While Restrained 
At 1 0 3 O C .  the sample 
This experiment consis ted of  r e s t r a i n i n g  1 m i l  f i l m ,  
w i t h  seven 1.8 cm. diameter c i r c l e s  punched i n  a face-centered 
hexagonal array, '  i n  a s t e e l  r ing ,  
was then heated slowly from room temperature. A s  the  temperature 
increased,  the c i r c l e s  became e l l i p t i c a l  i n  shape. A t  1 1 6 O C .  
the  e l l i p t i c a l  holes  became more elongated and began t o  t e a r .  
This temperature, where large deformations begin t o  occur,  
i s  ind ica t ive  of  t he  Tm ( c r y s t a l l i n e  melting p o i n t ) .  
2v2.3 Thermal Stress Relaxation 
The res t ra ined  sample 
One inch  wide samples of  Sea Space f i l m  were 
elongated a t  75OC.  t o  t h e i r  y i e ld  po in t s  on an Ins t ron  
t e n s i l e  tester operat ing a t  a s t r a i n  r a t e  of 2 inch/min. 
The s t r a i n i n g  was then stopped and heat ing was begun. The 
force  t o  keep t he  f i l m  a t  i t s  constant  e longat ion was then 
measured as  temperature increased.  The r e s u l t i n g  da ta  po in t s  
-4- 
D' 
a r e  shown p lo t t ed  i n  Figure 1, It can be seen t h a t  t he  force  
begins t o  drop t o  zero a t  1 1 5 O C .  T h i s  temperature (ll5OC.) 
i s  i n d i c a t i v e  of the c r y s t a l l i n e  melt ing po in t  temperature. 
2.2,4 Modulus of  E las t ic i ty  Changes w i t h  Temperature 
The modulus of e l a s t i c i t y ,  E, of the f i l m  was 
determined from standard t e n s i l e  tests a t  temperatures from 
2 8 O C ,  t o  116OC. The r e s u l t s  a r e  p l o t t e d  i n  Figure 2,  The 
temperature where E approaches zero i s  considered the  
c r y s t a l l i n e  melting poin t ,  s ince  t h i s  i s  the temperature where 
the  ma te r i a l  looses  i t s  s o l i d  p r o p e r t i e s  and begins t o  behave 
as a f l u i d ,  
2.3 Density of  PE12 
The dens i ty  of PE12 was determined using a dens i ty  
g rad ien t  column cons is t ing  of isopropanol and water opera t ing  
a t  23.3'C. 
i s  recommended i n  an a r t t c l e  by G. Oster and M. Yamamoto. 
The column, whose dimensions a r e  given i n  Figure 3, 
3 
Fur ther  procedures f o r  construct ing,  maintaining and opera t ing  
the  dens i ty  grad ien t  column have been drawn from the ASTM- 
Standards, "Density of P l a s t i c s  by the Density Gradient 
4 Technique, and the a r t i c l e  "Se t t ing  U p  a Density Gradient 
Laboratory. ' I 5  
Figure 4. 
0,7900 gms./cc. and 1,000 gms./cc. a t  23.3OC. 
The dens i ty  grad ien t  prepared i s  sbwn i n  
It i s  capable o f  measuring d e n s i t i e s  between 
The sample 
of PE12 t e s t e d  i n  the gradien t  column came to equi l ibr ium 
a t  11.8 cm, corresponding t o  a dens i ty  of 0.932 gmS./CC. 
-5- 
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3 .o FLlEXURAL RIGIDITIES OF METALLIZED POLYETHYLENE FILM 
I n  an e f f o r t  to lower the required thickness  of 
t h e  polyethylene-metal laminate, experiments were run where 
both sides of t h i n  polyethylene f i l m  were plated.  Polyethylene 
films of various dens i t i e s  and thicknesses  were e l e c t r o l e s s l y  
plated w i t h  copper i n  thicknesses  from 5 x loo6 t o  
15 x log6 inches.  
The length o f  overhang of  the  plated f i l m s  was 
determined using the  Standard ASTM Dl38855T Beam Cant i lever  
Test  f o r  f l e x u r a l  r igidit ies.  
F Flexural  R ig id i t i e s ,  G (t) were calculated a s  
f 01 lows : 
where lF = length of overhang of  p la ted  f i l m  
WA = Area weight of p la ted  f i l m  
= area weight of f i l m  + area  weight o f  deposi ted 
= (dens i ty  of t h e  f i lm)( th izkness  af f i l m )  
copper f i l m  
+ (dens i ty  of copper) ( th ickness  o f  copper f i l m )  
where 
3.1 Flexural  R ig id i t i e s  of P E l l  (P la ted)  Typ e Films 
L o w  dens i ty  (0,920) polyethylene f i l m s ,  ranging 
i n  thickness  from 0.15 m i l  t o  4 m i l s ,  were e l e c t r o l e s s l y  
copper p la ted  t o  a depth o f  e i t h e r  5 x lom6 o r  10 x 10 
on each of  both sides. Lengths o f  overhang were determined 
-6 inches 
and the f l e x u r a l  r i g i d i t i e s  were ca lcu la ted ,  
-9- 
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The r e s u l t s  a r e  given i n  Table 2 below and a r e  
p lo t t ed  i n  Figure 5, curves A and B, 
3.2 Flexural  R i g i d i t i e s  of  PE12 (p la ted  ) Films 
Samples of PE12 f i l m  (0,931) p la ted  wi th  
5 x low6 inches o r  10 x lom6 inches of  copper were t e s t e d  
f o r  f l e x u r a l  r i g i d i t y .  It was found t h a t  the  higher dens i ty  
p la ted  f i l m  g ives  a considerably higher f l e x u r a l  r i g i d i t y  a s  
compared t o .  the p la ted  low dens i ty  f i l m .  I n  add i t iop  t o  t h e  
higher  dens i ty  mater ia l ,  having a higher modulus of e l a s t i c i t y ,  
i t  a l s o  gives  a surface tha t  i s  more recept ive  t o  the  
me ta l l i za t ion  process.  T h i s  i s  evident  from Figure 5 
where the  f l e x u r a l  r i g i d i t i e s  of  the p la ted  PE12 a r e  compared 
w i t h  the f l e x u r a l  r i g i d i t i e s  of t h e  p la ted  l - m i l  PE11. 
3.3 Flexural  R ig id i t i e s  of Plated PE12 Film over  the  
Complete Range o f  Film Thicknesses 
The necess i ty  of a s t i f f  f i l m  a t  low area  weight 
prompted the  use of  PE12 a s  the  base mater ia l ,  
p la ted  t o  a depth of 15 x IU 
made of  the f l e x u r a l  r i g id i t i e s  of pla ted  1 m i l  PE12 t o  give 
the  displacement above the low dens i ty  curves and i t s  contour 
i n  an e f f o r t  to  determine a va l id  f l e x u r a l  r i g i d i t y  VS, th ickness  
curve. The " l imit ing" points  f o r  the f l e x u r a l  r i g i d i t i e s  were 
experimentally determined. 
laminate of  PE12 p la ted  t o  a 15 x 10-6 in .  depth on each 
side was used while the lower point  was determined using 
an 0.15 m i l  P E l l  f i l m  p la ted t o  15 x 10.' i n .  thickness  on 
each s i d e .  
because the  type of polyethylene film becomes unimportant 
a s  the  polyethylene f i l m  th ickness  becomes very small ,  s ince 
f t  was 
,.-6 in .  ori each a i d e ,  Use was 
For the  upper point  a 2-mil 
P E l l  f i l m  could be used f o r  the  lower po in t  
-10- 
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it does not  cont r ibu te  t o  the f l e x u r a l  r i g i d i t y  of the  
laminate in any subs t an t i a l  way. T h i s  i s  shown i n  curve D 
of  Figure 5, where the  f l e x u r a l  r i g i d i t y  of unplated,  low 
dens i ty  film i s  p lo t t ed  VS. th ickness  using the  beam 
can t i l eve r  t e s t  da ta  ( l i s t e d  i n  Table 3 ) .  The f i n a l  
f l e x u r a l  r ig id i ty- th ickness  curve constructed from the th ree  
da ta  po in t s  and the  contour of  the 5 x lom6 and 10 x IOo6 i n .  
thickness  curve i s  given ii? Figure 5, curve C. The 
extrapolated f l e x u r a l  r i g i d i t i e s  given by curve C w i l l  be 
used t o  determir^e the polyet'nylene thickness  needed t o  
withstand five-t,:Lmes so la r  pressare, and t o  determine the 
s a t e l l i t e  weight, Thc ca lcu la t ion  i s  ca r r i ed  o u t  i n  
Sect ion 4.0. 
T s t i e  3 -. . 
Flexural  Rigidity o f  Unplated P E l l  vs. Thickness 
-6 \ t ( m i l  j ( ib. in.2/in.  x 10 I 
0.15 No reading obtainable  
0.21 0.0567 
0.30 
0.55 
1.0 
2.85 
4.5 
0.2431 
1.226 
2.30 
81.714 
196 155 
* 
Arithmetic mean reported 
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4.0 BUCKLING PRESSURE - THICKNESS CALCULATION 
An approach we bel ieve t o  be r e a l i s t i c ,  has been 
used t o  determine the composite f i l m  th ickness  t h a t  w i l l  
wi ths tand  the  spec i f ied  buckling pressure of f ive- t imes s o l a r  
pressure.  The approach cons is t s  of modifying the bas i c  
buckling equation 
P 
P =  c r  
(derived w i t h  var iab les  defined i n  qua r t e r ly  repor t ,  M I  368, 
March-May 1966, pp. 14-17) f o r  the  e f f e c t  of small f i l m  
th ickness  and the e f f e c t  o f  me ta l l i c  laminates. The method 
used co r rec t s  equation ( 2 )  f o r  a c t u a l  film-metal laminate 
f l e x u r a l  r i g i d i t y  by the  appl ica t ion  
G F ( t )  = G F ( t )  
G P ( t )  & E t 3  
where G F ( t )  is  the  measured f l e x u r a l  - 
of the  following f a c t o r  
r i g i d i t y  of tne  
metal-plast ic  f i l m  laminates and G r ( t )  is  t h e  f l e x u r a l  
r i g i d i t y  o f  the  polyethylene alone. 
cor rec t ion  f a c t o r  i s  applied t o  equat ion (2)  the  following 
equation i s  obtained: 
If the f l e x u r a l  r i g i d i t y  
'cr t T R 2 k *  24 (1°-2k9 4 + L) P = G F h )  (3) 
I 
as follows: 
and the following funct ions defined 
- t H(t) - -  
G F W  
equation (3) many then  be stated as 
H(t)  = F c ( p )  (4) 
Wlth the experimental values of GF(t) given i n  Figure 5, 
curve C, H [ k )  has been p lo t t ed  i n  Figure 6. 
func t ion  Fc( 
solved graphica l ly  for f i l m  th ickness  f o r  var ious  values 
o f ?  . 
With the  
) p l o t t e d  i n  Figure 7, equation (4)  has been 
The r e s u l t s  a r e  summarized i n  Table 4. 
Table 4 
Polyethylene Thicknesses of  gomposite Film - Solu t ions  t o  
Equation (4 )  (30 x 10“ inches o f  Copper P l a t e )  
P Fc( p ) = H(t) t x 103 
4 
10 
22 
30 
100 
210 
7 210 
45 
2 1  
17.5 
18 
63.0 
263.0 
32b5 
0.18 
0.22 
0.27 
0.25 
0.19 
0.15 
No s o l u t i o n  
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5.0 SATELLITE WEIGHT 
With the maximum f i l m  thickness of 0.27 m i l  
ca lcu la ted  f r o m  Sect ion 4.0 above, t h e  s a t e l l i t e  weight i s  
ca lcu la ted  a s  follows. 
5.l Polyethylene Film Area Weight 
For polyethylene f i l m  having t h e  following 
properties 
densi ty:  58.09 l b . / f t e3  
thickness:  0.27 mil 
the r e s u l t a n t  a rea  weight i s  ca lcu la ted  t o  be 
= 1.3069 x 10-3 lb . / f t .  2 
wP 
5.2 E l e c t r o l e s s  Copper P la t e  Area Weight 
For an e l e c t r o l e s s  p l a t ed  copper coat ing on both 
sides of the polyethylene f i l m  and having the following 
p r o p e r t i e s  
3 density of e l e c t r o l e s s  Cu: 473.7 l b  ./ft . 
thickness:  15 x loo6 i n .  
the  r e s u l t a n t  a r e a  weight cont r ibu t ion  of the  metal  coa t ing  i s  
w = 1,184 X log3 l b D / f t e 2  M 
5.3 Composite Film Area Weight 
The composite f i l m  area weight i s  obtained by 
summing the cont r ibu t ions  from both the  p l a s t i c  and metal  
layers 
= 1.3069 X loo3 lb . / f tO2 + 1,184 X lb./ft.2 
2 
wT 
= 2.4909 x low3 l b , / f t .  
-18- 
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5.4 S a t e l l i t e  Weight - Nonperforated 
With a diameter of 425 f t . ,  the  surface area of 
the  sphere i s  567,344 ftO2 
2.4909 lb . / f t .2  the  t o t a l  weight of the  nonperforated sphere 
i s  1413.197 lbs .  
5.5 S a t e l l i t e  Weight - Perforated 
With the composite area weight of 
With a 25 t o  30$ o r  above open area obtainable  from 
per fora t ing ,  t h e  s a t e l l i t e  weight can be reduced according 
to the following t ab le .  
Table 5 
S a t e l l i t e  Weights - Perforated 
Film Thickness: 0.27 m i l  
Metal Thickness: 15 x lom6 i n .  (both sides) 
Total  Weight 
Percent Open Area ( l b s . )  
85 
80 
75 
60 
50 
40 
30 
20 
10 
211.979 
282.639 
353 2 9 9  
565.279 
706.599 
847 818 
989.238 
1130.558 
1271.877 
It can be seen from the above t a b l e  that the  
spec i f ied  t o t a l  weight o f  1000 lbs .  can be obtained w i t h  a 
percent  open area  i n  the range of 25 t o  30%. 
-19- 
6.0 DELIVERABLF: ITEMS 
6.1 I r r a d i a t i o n  
With the procurement of t he  PE12 f i l m  from 
Sea Space Inc., arrangements have been made t o  i r r a d i a t e  
both l o t s  of f i l m  t o  15 Mrads a t  a cos t  of $1700. 
The cause of the problem which made the f i r s t  run 
o r  i r r a d i a t e d  f i l m  fuse,  has  been determined. 
thicknesses  of f i l m  used i n  the f i r s t  run were r o l l e d  upon 
a take-up r o l l  immediately a f t e r  passing the  e l e c t r o n  beam, 
consequently, the f i l m  d i d  no t  have an  opportuni ty  t o  cool 
and the re fo re  s tuck  together .  The i r r a d i a t i o n  of the f i l m  
i n  a s i n g l e  thickness  as wel l  as  the use of cool ing f a n s  on 
the f i l m  a f t e r  i t  passes t h e  beam was used t o  prevent  s t i c k i n g  
The eight (8) 
during the subsequent i r r a d i a t i o n  . 
Due t o  maintenance shutdown and a mechanical 
breakdown i n  the vacuum system of Electronized Chemical's 
acce le ra t ing  equipment, an a d d i t i o n a l  delay was encountered 
i n  the  i r r a d i a t i o n  of the f i l m  for the  de l ive rab le  items. 
Electronized Chemical's a c c e l e r a t o r  was f i n a l l y  back i n  
opera t ion  on Thursday, August 4 
f i l m  was s t a r t e d  on Friday, August 5 and i t  was found that  
due to  a heat-buildup caused by the e l e c t r o n  beam on the 
The i r r a d i a t i o n  of the 
conveyor, which c a r r i e s  t h e  f i l m ,  a s t i c k i n g  problem 
developed. Before any s i g n i f i c a n t  amount of the f i l m  was 
damaged, i r r a d i a t i o n  was stopped and the f i l m  was l i ned  
with paper t o  prevent f u r t h e r  s t i ck ing .  The i r r a d i a t i o n  
of t h e  f i l m  was successfu l ly  completed wi th  the above 
precaut ions,  by mid-August. 
-20- 
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6.1.1 Sca t t e r  i n  the  I r r a d i a t i o n  Atmosphere Tes ts  
The s c a t t e r  observed i n  many of  the  i r r a d i a t i o n  
strength-time t e s t s  i s  i n  a l l  p robabi l i ty  due to the  e f f e c t s  
of the e f fec t iveness  of  dose va r i a t ion  w i t h  sample thickness .  
For a given sample ( o r  bundle of  samples) o f  a mater ia l  the  
dose a t  the surface o f  the sample and t o  about 2 mm. inward 
is not  10% e f fec t ive  s ince the  high speed of the  e l ec t rons  
do not have s u f f i c i e n t  time to i n t e r a c t  with the  molecules. 
Data showing how i n t e rac t ion  e f f i c i ency  va r i e s  wi th  depth 
from the surface i s  given i n  Figure 8, which was taken from 
"Radiation Chemistry of Polymeric Systems. 
6 ?I 
Figure 8: PERCENTAGE DEPTH DOSE I N  WATER FOR HIGH ENERGY 
ELECTRONS 
100 
80 
w 
60 
E 
1 - 0.5 MeV 
2 - 1.0 MeV 
3 - 2.0 MeV 
DEPTH I N  WATER (mm) 
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It can be seen t h a t  f o r  a 1.0 Mev acce le ra to r  t h e  e f f e c t i v e  
dose may vary between 60 and 100% f o r  samples 2 mm. t h i ck  
o r  less.  It i s  believed that s ince  many o f  our  samples were 
wi th in  t h i s  depth range, they received non-uniform doses 
a s  given by the  above curve. T h i s  s i t u a t i o n  has been 
corrected f o r  t he  i r r a d i a t i o n  of the de l ive rab le  items. The 
appl ied dose w i l l  be increased t o  account f o r  t h e  lower 
e f f i c i e n c y  a t  and nea r  the sur face .  The t o t a l  dose the 
f i l m  w i l l  receive on i t s  sur face  and throughout w i l l  be a 
constant  15 Mrads, since there w i l l  be very l i t t l e  v a r i a t i o n  
i n  dose w i t h  depth. 
6.2 Heat Treatment 
The hea t  treatment of the f i l m  fo r  t h e  de l ive rab le  
items has been s t a r t e d  a t  Sea Space Systems, Inc.  The f i l m  
w i l l  be heated t o  93OC.  f o r  1/2 hour contact  time i n  an 
oven. The f i l m  w i l l  be passed through the oven i n  s i n g l e  
th ickness  by the use of take-up rolls. Precautions have been 
taken t o  h e a t - t r e a t  t he  f i l m  so  it w i l l  remain i n  a smooth 
and f l a t  condition. Additionally,  precaut ions have been 
taken t o  allow the f i l m  t o  shrink, without inducing thermal 
stresses by keeping the tens ion  on the take-up r o l l s  a t  a 
minimum. It i s  expected t h a t  the hea t  treatment w i l l  be 
completed i n  e a r l y  September. 
6.3 Meta l l iza t ion  
I r r a d i a t e d  and un i r r ad ia t ed  samples of PEll a s  w e l l  
as  an uni r rad ia ted  sample of PE12 were sen t  t o  the National 
Meta l l iz ing  Division of Standard Packaging Co. Standard 
Packaging w i l l  vacuum deposi t  1500-2500 A o f  aluminum on 
t h e  f i l m  samples. The purpose of t h i s  i n i t i a l  t e s t  i s  t o  
-22- 
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determine i f  the 15 Mrad i r r a d i a t i o n  i s  s u f f i c i e n t  sur face  
treatment f o r  the vacuum depos i t ion  of the polyethylene f i l m .  
A t  p resent  we a r e  s t i l l  await ing t h e  r e t u r n  of 
the samples, Additionally,  w i t h  the  facts  t h a t  
ca. 1/2-1 a / s q .  r e s i s t ance  r e s u l t s  from 1500 A of aluminum 
and ca,  30% per fo ra t ion  open area  doubles the r e s i s t ance  
of the laminate, it w i l l  be recommended t h a t  a high vacuum 
depos i t  ( ca ,  2000 A )  be appl ied t o  the  f i l m  t o  i n su re  meeting 
the  spec i f i ca t ion  of 2 f i / s q .  
6,4 Perfora t  ions  
0 
0 
I n  r ecen t  correspondence wi th  Arthur A .  Struble ,  
General Manager of Sea Space Systems, Inc  . , Torrance, Cal i f  , , 
it was determined t h a t  it would be impossible t o  pe r fo ra t e  
the f i l m  on a continuous b a s i s  a t  t he  l e v e l  of funding 
a l l o t t e d .  It i s  possible  t o  achieve var ious f r a c t i o n s  of  
per fora ted  open area by continuous pe r fo ra t ion  techniques 
bit not  wi th in  o w  budget requirements. 
M r .  S t rub le  be l ieves  t h a t  a cos t  exceeding $4500 
would be necessary t o  achieve pe r fo ra t ions  on a continuous 
b a s i s  f o r  the  t h i n  f i l m .  I n  l i g h t  of  t h i s  information it 
i s  believed most p r a c t i c a l  a t  t h i s  po in t  t o  have the f i l m  
per fora ted  t o  ca. 30% open area ,  i n  100 f t .  l engths ,  which 
would be within the  funds o f  t h e  con t r ac t ,  
I n  l i g h t  of the  cos t  cons idera t ions  and the f a c t  
t ha t  both conductance and f l e x u r a l  r i g i d i t y  sharply decrease 
a t  ca. 30s open a rea ,  it is  advisable  t o  have the f i l m  f o r  
t he  de l ive rab le  i tems perforated t o  30% open area .  
It should a l so  be noted t h a t  Sea Space i s  capable 
of pe r fo ra t ing  f i l m  t o  60% open a rea  on a continuous basis 
-23- 
and even t o  higher f r ac t ion  open areas  on a non-continuous 
bas i s .  The only problem w i t h  achieving t h i s  higher open 
area  a t  present  i s  t h a t  t he  c o s t  f o r  pe r fo ra t ing  is  
excessive , 
6.4.1 Perforat ion Pat tern 
The per fora t ion  p a t t e r n  t o  be used a r e  staggered 
c i r c l e s .  
suggested because it gives more r i g i d i t y  than c i r c l e s  
b u t  i n  order  t o  lower cos ts ,  the  lower pr iced p a t t e r n  had 
Orig ina l ly  a staggered hexagonal p a t t e r n  was 
7 
to  be accepted, The reason a staggered p a t t e r n  has been 
chosen i s  because a staggered arrangement has been found 
t o  possess more r i g i d i t y  than a p a t t e r n  of uniform r o w s .  
6.5 Ultrasonic Bonder 
8 
An ul t rasonic  bonder has been ordered from 
Ultrasonic  Seal,  8 Division of Kleer-Vu Indus t r i e s ,  
New York, N,Y, 
b a s i s  f o r  $1,335. Delivery is scheduled f o r  Sept,  15 and 
t h e  u n i t  w i l l  be ava i lab le  f o r  3 months, Along wi th  the  
The bonder has been ordered on a r e n t a l  
transducer and power supply, 2 u l t r a s o n i c  welding heads 
have a l s o  been ordered. One welding head t o  be used f o r  
continuous welding and one f o r  non-continuous welding. 
A s e l e c t i o n  w i l l  be made a f t e r  evaluat ion of both heads a s  
t o  which u n i t  is  bes t  su i t ed  f o r  f a b r i c a t i o n  of the  
de l iverable  items 
6.6 Supply of Film Necessary t o  Build Deliverable Items 
The amount o f  f i l m  necessary t o  complete t h e  
remaining number of del iverable  items i s  2464 f t .  
the re  a r e  1200 f t .  of f i l m  p e r  r o l l ,  2 r o l l s  of f i l m  w i l l  
be j u s t  shor t  of enough t o  complete the  f a b r i c a t i o n  of the 
Since 
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remaining de l iverable  items. 
the  amount of f i l m  required have been based on a 26 f t .  
diameter cap sec t ion  and an 18-inch wide f i l n .  
recommended a t  t h i s  point ,  so a s  t o  complete a l l  of  the 
de l iverable  i tems, t o  use 2 rolls of film t o  complete the 
construct ion of the  cap sect ions.  Processing a t h i r d  
roll of f i l m  would increase cos t  beyond ava i l ab le  funds. 
Calculat ions f o r  determining 
It i s  
-25- 
7.0 TESTING PROGRAM 
The t e s t i n g  program has been s t a r t e d  i n  two a reas ,  
t h e  t e n s i l e  t e s t  and t h e  f l exura l  r i g i d i t y  t e s t .  
7 . l  Test Specif icat ions 
7.1.1 Tensi le  Test  
Tensi le  t e s t s  are under way t o  determine the Modulus 
of  E l a s t i c i t y ,  E, and the  Yield Force, i7y. 
reported i n  terms of force r a t h e r  than s t r e s s  because the  
f i l m  w i l l  be p e r f c ~ a t e d .  The per fora t ions  lead to ambiguity 
as t o  what a rea  is operated on when the  sample i s  s t re tched .  
Strengths w i l l  be 
The t e s t  conditions a r e  a s  follows: 
a. F u l l  s ca l e  load: 5 pounds 
b. Crosshead speed: 0.2 inches per  minute 
c. Cell:  CT 
d. Sample Dimensions: 1 in.  x 1 in .  
e .  Temperat m e  : ambient 
The r e s u l t s  a r e  summarized i n  Table 60 
7,l.z Flexural  R i R i d i t s  Test  
T h i s  t e s t  i s  performed according t o  ASTM Dl388-55T 
spec i f i ca t ions .  The results are summarized i n  Table 60 
-26- 
scum c o c u c o  
0 0 0  
0 . 0 
. 
8.0 PERFORATION STUDY 
An i n i t i a l  per fora t ion  t e s t  has been s tar ted 
t o  determine the e f f e c t s  of void f r a c t i o n  on f l e x u r a l  
r i g i d i t y  and res i s tance .  I n  prepara t ion  f o r  t he  f i n a l  
Per fora t ion  Study dies  have been designed t o  g ive  void 
f r a c t i o n s  from 10 t o  65s. 
- Effec t  of Per fora t ion  on Resistance and Flexural  
Rig i i j i ty  
Expei4ments were designed w i t h  the  purpose of 
optimizing the  res i s tance ,  f l e x u r a l  r i g i d i t y ,  and weight 
of  the de l ive rab le  items. The da t a  g ives  an i n s i g h t  i n t o  
f u t u r e  work f o r  t he  f ina l  s a t e l l i t e  design. 
Per fora t ion  was accomplished by hand punching 
holes  wi th  the est imat ion of spacing between holes  
accomplished v i sua l ly .  The number of holes  were counted, 
the t o t a l  a rea  was measured, t he  displaced area  was 
ca lcu la ted  and the r e s u l t i n g  open area was ca lcu la ted ,  
8 , l . l  Resistance (R)  vs. Percent Open Area (F,) 
The r e s i s t ance  ( i n  JL/sq.) was measured i n  two 
d i r ec t ions .  This was done because the  copper p la te  i s  
subjec t  t o  mechanical stress i n  the  process .  
The data ,  Table 7 [plotted, i n  Figure 9 ,  
as  Resistance (ohms/sq.) vs. Percent Open Area (Fv)J 
shows that the  percent open a rea  must be kept  below 
ca. 3&. Since t h i s  data  a p p l i e s  t o  copper, co r rec t ions  
must be taken i n t o  account because aluminum w i l l  be used 
f o r  the de l iverable  items. Since aluminum has about twice 
the r e s i s t i v i t y ,  even less of an open a rea  should be 
t o l e r a t e d  t o  meet t h e  r e s i s t a n c e  s p e c i f i c a t i o n  of 2 .A?w/sq., 
when samples of aluminized f i l m s  and more accura te  punches 
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a r r i v e ,  the da t a  w i l l  be  subjec t  t o  g r e a t e r  refinement. 
8,l.z Flexural  R i g i d i t y  ( G )  vs. Percent Open Area (F,) 
A s  seen from Figure 10 (Table 7)  where f l e x u r a l  
r i g i d i t y  is  p lo t t ed  vs. percent  open a rea ,  i t  can be seen 
t h a t  the  f l e x u r a l  r i g i d i t y  f a l l s  o f f  a s  the percent open 
area increases  The c r i t i c a l  value i s  approximately 
30% open a rea ,  T h i s  value a l s o  w i l l  be subjec t  t o  
refinment when aluminized f i l m  is used. 
8.2 Per fora t ion  Tes t  
I n  preparat ion for the pe r fo ra t ion  study, d ies  
have been designed so that sample amounts o f  t h i n  f l l m  may 
be per fora ted  from 10 t o  65s open area  wi th  staggered 
c i r c u l a r  pa t t e rns .  I n  t h i s  way, f l e x u r a l  r i g i d i t y  tests, 
such a s  the  "beam can t i l eve r  t e s t "  (ASTM D1388 55T) or 
membrane tests, can be used on the per fora ted  f i l m  t o  f ind  
the i r  f l e x u r a l  r ig id i t ies .  
The p r in t s  of  dies designed a r e  given i n  
Figures  11 and 12 along wi th  a table of dimensions 
given i n  Table 8. 
and 65$ open area w i l l  be constructed.  
Only t h e  p a t t e r n s  g iv ing  10, 20, 40, 50 
-29- 
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Table 8 
Peforator Dimensions 
V 
F 1 X Y z R n a 
0.10 0.2012 0.2608 0.1506 0.1304 6 0.2470 
0.20 0.1129 0.1844 0.1066 0.0922 7 0.3613 
0.30 0,0739 0,1506 0.0870 0.0753 9 0.3044 
0.40 0.0506 0.1304 0.0753 0.0652 10 0 e 3223 
0.50 0.0347 0,1167 0.0674 0.0584 11 0 3264 
0.60 0.0229 0.1064 0.0615 0.0532 12 0 22Ly- 
0.65 0.0181 0.1023 0.0591 0,0512 13 0,2914 
-31- 
Figure 9 :  RESIST!i?JilS ( n / S Q .  ) OF PERFORATED pE12 
OPEN AREA 
(PLATED TO 5 x 10-6 IN.CU. O N  ONE SIDE) vs. PERCENT 
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9*0 DENSITIES OF P E l l  
The d e n s i t i e s  of crossl inked-extracted P E l l  were 
determined using the  densi ty  gradient  apparatus  described 
i n  Sect ion 2.3, The f i l m  samples were given doses of 
i r r a d i a t i o n  from 5 t o  75 Mrads and were extracted i n  xylene 
a t  100°C, The values of the new d e n s i t i e s  a r e  given i n  
Table 9 below, 
Table 9 
Densi t ies  of Extracted-Crosslinked P E l l  
P[grn,/cs.) Dose (Mrads) _- 
0 (Unextracted) 
10 
15 
50 
60 
70 
75 
0.920 
0,941 
0.943 
0.932 
0.932 
~~ 
It can be seen from the  r e s u l t s  of t h i s  experiment 
t h a t  an ex t r ac t ion  technique does not  lower the  dens i ty  of  
t h e  polymer and i n  f a c t  increases  it somewhat. 
i s  probably due t o  f u r t h e r  alignment and co l laps ing  of  the  
molecular chains,  It i s  believed, from the  r e s u l t s  of these 
t e s t s ,  t h a t  ex t r ac t ion  w i l l  not lower the dens i ty  of i r r a d i a t e d  
polyethylene f i l m  , 
The increase 
10.0 FUTURE WORK 
During the next repor t ing  per iod work w i l l  be 
continued on t h e  de l iverable  items. 
de l ive rab le  items, the t e s t i n g  program w i l l  be continued. 
F ina l ly ,  upon r e c e i p t  of t he  pe r fo ra t ion  dies  the pe r fo ra t ion  
s tudy  w i l l  be continued. 
I n  conjunction w i t h  the 
-37- 
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